Several different virus types give rise to severe infections in hosts whose phagocyte functions are depressed artificially by X-irradiation (DeGara & Furth, 1945; Berlin, 1964; Werner et aL, 1980) or cyclophosphamide (Cole & Nathanson, 1968; Thind & Price, 1968 , 1969 Robinson et al., 1969; Singer et al., 1972; Hurd & Heath, 1975) . Such treatments depress the functions of polymorphonuclear cells (PMN), macrophages and lymphocytes, so that one cannot reach any conclusions as to which cell type protects against individual viruses.
After intravenous inoculation of ectromelia virus into normal mice, the titre of virus per organ increases during the first 2 days but begins to decrease from day 3 (Blanden & Gardner, 1976) . Such a decrease has been thought to depend upon cytotoxic T lymphocytes. Nevertheless, a persistent form of infection rather than a fulminating infection was observed in athymic (nu/nu) mice in which cytotoxic T lymphocytes could not be generated (Heremans et al., 1980) . The present study was conducted to determine the main cells effective in protection against ectromelia virus, using phagocyte-depleted mice.
A stock of a virulent strain of ectromelia virus was obtained from Dr R. Mori, Department of Virology, Kyushu University, Fukuoka, in the form of a 0.95% saline suspension from the supernatant of homogenates of infected mouse livers or spleens and stored as small aliquots at -70 °C. Inbred CBA/J mice at 8 to 12 weeks of age (Charles River Japan, Inc., Kanagawa) were inoculated intravenously with 8 x 103 p.f.u, as the standard inoculum. Livers were obtained at various times after the inoculation and homogenized in 10 ml saline at 4°C with a Teflon homogenizer. One ml of each homogenate was dispersed by sonication and centrifuged at low speed to remove coarse debris. Supernatants were diluted appropriately in Eagle's minimal essential medium (EMEM) containing 2% foetal calf serum (FCS) for the plaque assay. Confluent monolayers of a mouse fibroblast line (L929) seeded into 35 mm Petri dishes (Falcon) in 2 ml of a modified medium consisting of EMEM with 5 % FCS were infected with 0.1 ml of virus suspension for 60 rain at 37 °C and overlaid with 2 ml of modified medium containing 0-01% DEAE-dextran and 0-75 % Noble agar (Difco). Infected cultures were incubated at 37 °C; 2 ml of a staining solution (1 : 10000 neutral red) was added at 3 days of culture to enable counting of plaques at 4 or 5 days.
Cytotoxic activity of immune lymphocytes against virus-infected target cells was assayed by the method described by Gardner et al. (1974) . Briefly, L929 cells were labelled with 51Cr and infected with ectromelia virus. Spleen cells as effector cells were added at an effector to target ratio of 100 : 1. After incubation of the mixtures for 18 h at 37 °C, the radioactivities of the culture supernatants and cells were counted separately. The percentage of s lCr released from target cells was calculated using the formula (ct/min in supernatant/ct/min in supernatant + ct/min in cells) x 100
After an intraperitoneal injection of carrageenan type II (Sigma) dissolved in distilled water (to give 5 mg/ml) at a dose of 200 mg/kg, the number of PMN increased approximately fourfold by 1 or 2 days compared with untreated controls, and then decreased slowly to reach the control level by day 16 (Fig. la) . After such a treatment, the number of blood monocytes decreased eightfold by day 2 and then increased slowly to reach the control level by day 16 (Fig. 1 b) . The phagocytic index, K16 , after an intravenous injection of colloidal carbon C11/1431 a (GiintherWagner, Pelikan-Werke, Hannover, F.R.G.; 16 mg/kg) (Stuart et al., 1973) was 0-05 + 0.005 in normal controls but decreased to 0.01 + 0-002 at 1 day after treatment with carrageenan ( Fig.  1 c) . The inhibition of carbon clearance lasted for 10 days. Thus, carrageenan appeared to depress macrophage functions principally. Mice exposed to 800 rads whole body y-irradiation with a Toshiba 6°Co machine 3 days earlier exhibited profound decreases in the numbers of PMN and blood monocytes. Mice treated with carrageenan 3 days earlier and mice irradiated 24 h earlier were inoculated with ectromelia virus. All of the y-irradiated mice and the carrageenan-treated mice died within 7 days after inoculation of 8 x l03 p.f.u., a virus dose not lethal in normal mice (Fig. 2) . When 8 x 103 p.f.u of ectromelia virus was inoculated into normal mice, approximately 90~o of the inoculum was recovered from the liver 30 min after inoculation (Fig. 3) . The titre of virus decreased 10-fold by 1 day and increased to reach a maximum at 3 days, then decreased gradually from day 4 to become undetectable by day 8. In the spleen, the time course was similar to that in the liver except that there was no initial transient reduction of virus in the former. When y-irradiated mice were used as hosts, the trapping of virions by 30 min, the decrease from 30 min to 1 day, and the increase from day 1 to day 3 were almost the same as those observed in normal controls (Fig. 4) . From day 4, the titre of virus increased progressively in y-irradiated mice whereas it decreased progressively in controls. Virus replication in the spleen was also enhanced by yirradiation (data not shown). When carrageenan-treated mice were used as hosts, the virus titre in the liver at 30 min was slightly higher than that in normal controls (Fig. 5) . The titre increased gradually and progressively during days 5 and 6 to kill the hosts without an initial transient reduction, in contrast to a gradual decrease in the controls.
The following experiments were carried out to identify the effector cells responsible for the reduction of virus titre from day 4 onwards. When carrageenan was injected 3 days after challenge with 8 x 103 p.f.u, of ectromelia virus, the titres of virus in the liver (Fig. 6 a) and the spleen (Fig. 6b) increased progressively from day 4 to kill the hosts by day 6. In normal controls inoculated with 6 x 103 p.f.u., cytotoxic activity reached a peak on day 3 and decreased slightly from day 4 (Fig. 7a) . When carrageenan was injected 3 days after the challenge, cytotoxic activity was similar to that seen in control infected mice. In controls inoculated with 6 x 10 2 p.f.u., cytotoxicity reached a peak on day 6 and decreased rapidly thereafter (Fig. 7b) . Injection of carrageenan on day 3 did not modify the generation of cytotoxicity. In these experiments, viral growth was enhanced by carrageenan treatment (data not shown). The cytotoxic activity of spleen cells in infected mice was abolished by treatment with anti-Thy 1.2, anti-Lyt-1 or antiLyt-2 antibodies plus complement but not by treatment with anti-mouse Ig serum plus complement (Table 1) .
As shown above, trapping of virions in the liver and the initial decrease of virus on day I was inhibited by treatment with carrageenan but not by y-irradiation. The cells responsible for protection in this initial phase may be the fixed macrophage population in the liver, since differentiated macrophage populations such as Kupffer cells are resistant to irradiation but sensitive to carrageenan (Kornfeld & Greenman, 1966; Nelson, 1969; Gillette & Lance, 1973) and the function of PMN are not affected by carrageenan (Catanzaro et al., 1971 ; Tatsukawa et al., 1979) . An initial decrease of virus was not observed in the spleen after systemic infection or in the muscle after local infection (data not shown) and the absence of an initial decrease in such tissues may be due to low numbers of fixed macrophages. The pattern of an increase in infectious virus from day 1 to day 3 was not affected by ~-irradiation but was modified by treatment with Short communication carrageenan. Therefore, virus replication during such a period may also be controlled by fixed macrophages in the liver.
The decrease in the virus titre from day 4 to day 7 in normal mice has been shown to depend upon cell-mediated immunity. When carrageenan was given at 3 days after virus inoculation, i.e. after the development of immunity, such a decrease was not seen and the virus titre increased progressively. Cytotoxic activity of spleen cells against infected target cells was not affected by such a treatment with carrageenan. Therefore, immune protection may depend not only upon cytotoxic T lymphocytes capable of destroying infected cells at the site of viral growth but also upon other mechanisms requiring the participation of carrageenan-sensitive ceils. Gammairradiation of immune hosts also enhanced viral growth (data not shown). Blood monocytes may participate in the protection, since they have been shown to be carrageenan-sensitive and irradiation-sensitive (Benacerraf et al., 1959; Volkman & Collins, 1971) . Therefore, the elimination of virus from day 4 to day 7 may be ascribed to the cooperation of sensitized T lymphocytes and blood monocytes giving rise to an enhanced accumulation of macrophages in infected foci and to the generation of activated macrophages.
